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THE ECONOMICS OF E L E C T R I C I T Y  AND SNG FROX 
I N  S I T U  COAL G A S I F I C A T I O N  

W. C. U l r i ch ,  >I. S .  Edwards, and R.  Salmon* 

Abs t r ac t  

Conceptual process  des igns  and c o s t  e s t i m a t e s  a r e  p re sen ted  
f o r  two p o t e n t i a l  a p p l i c a t i o n s  of underground c o a l  g a s i f i c a t i o n :  a 
900 FllJ(e) combined-cycle e l e c t r i c  gene ra t ing  p l a n t  f u e l e d  by l o w  
Btu gas ,  and a s u b s t i t u t e  n a t u r a l  gas  (SNG) p l a n t  producing 155 
ENscfd of 954 Btu/scf gas .  
ob ta ined  a t  t h e  Laramie Energy Research Center  on subbituminous 
c o a l  u s ing  the l i n k e d  v e r t i c a l  w e l l  i n  s i t u  g a s i f i c a t i o n  process .  
Respec t ive  c a p i t a l  investments  were e s t ima ted  t o  be $395 and $351 
m i l l i o n  i n  f i r s t - q u a r t e r  1977 d o l l a r s .  
c u l a t e d  a s  a f u n c t i o n  of t h e  deb t / equ i ty  r a t i o ,  t h e  annual  ea rn ing  
r a t e s  on d e b t  and e q u i t y ,  t h e  c o s t  of c o a l ,  and p l a n t  f a c t o r  
(onstream e f f i c i e n c y ) .  Using a deb t / equ i ty  r a t i o  of 70/30, a n  
i n t e r e s t  rate on deb t  of 9 % ,  an a f t e r - t a x  ea rn ing  r a t e  on e q u i t y  of 
15%. and a c o a l  f eed  c o s t  of $5 / ton ,  product  p r i c e s  w e r e  24 m i l l s /  
kWh f o r  e l e c t r i c i t y  a t  70% p l a n t  f a c t o r  and $2.89/106 Btu f o r  SNG 
a t  90% p l a n t  f a c t o r .  , C a l c u l a t e d  o v e r a l l  thermal e f f i c i e n c i e s  f o r  
t h e  two f a c i l i t i e s  were 24 and 38% r e s p e c t i v e l y ,  based on  in-place 
c o a l .  

Designs were based on expe r imen ta l  d a t a  

Product  p r i c e s  were c a l -  

I n t r o d u c t i o n  

T h i s  paper  d e s c r i b e s  two concep tua l  p l a n t s  designed f o r  u t i l i z i n g  
g a s  produced from a l i n k e d  v e r t i c a l  w e l l  (LVN) i n  s i t u  c o a l  g a s i f i c a t i o n  
p rocess  and g i v e s  r e s u l t s  of economic eva lua t ions  based on the designs.  
The two p l a n t s  are a 900 IW(e) combined-cycle e l e c t r i c  g e n e r a t i n g  p l a n t  
f u e l e d  by low-Btu gas ,  and a s u b s t i t u t e  n a t u r a l  gas  p l a n t  producing 
155  PMscf/day of 954 Btu/scf gas .  

d e s i g n  c o a l  is subbituminous.  A i r  i n j e c t i o n  i s  used f o r  t h e  low-Btu g a s  
case ,  and a steam/oxygen mix tu re  f o r  t h e  SNG case .  

each o t h e r ,  b u t  a r e  intended t o  r e p r e s e n t  two p o s s i b l e  modes of u t i l i z a -  
t i o n  of underground c o a l  g a s i f i c a t i o n .  

Th i s  work was done f o r  t h e  O f f i c e  of Program P lann ing  and Analysis ,  
DOE/Fossil Energy, and r epor t ed  i n  O R N L - 5 3 4 1 .  (1) 

The f a c i l i t i e s  a r e  assumed t o  be loca ted  i n  sou the rn  Wyoming. The 

The two c a s e s  p re sen ted  h e r e  a r e  n o t  eva lua ted  as compe t i to r s  with 

Linked V e r t i c a l  Well P rocess  

There a r e  s e v e r a l  modes i n  which t h e  LVW process  can be  ope ra t cd  
for l a r g e - s c a l e  g a s  product ion.  These d i f f e r e n t  o p e r a t i o n a l  modes a r i s e  

* Work performed a t  Oak Ridge Na t iona l  Laboratory,  Oak Ridge, TN 37830. 
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pr imar i ly  from v a r i a t i o n s  i n  t h e  w e l l  sequencing p a t t e r n s  used, and t h e  
d i r e c t i o n  i n  which t h e  c o a l  seam is g a s i f i e d  r e l a t i v e  t o  t h e  d i r e c t i o n  
of i n j e c t i o n  gas  and  product  gas  flow. The system i l l u s t r a t e d  by Fig.  1 
is termed t h e  d i r ec t - f low or forward system because t h e  d i r e c t i o n  of 
g a s i f i c a t i o n  of  t h e  c o a l  seam i s  t h e  same as t h e  d i r e c t i o n  i n  which t h e  
i n j e c t i o n  g a s  and product  gas t r a v e l .  (2)  The w e l l  sequencing p a t t e r n  
t h a t  develops i s  s u c h  t h a t  each borehole  is used s u c c e s s i v e l y  f o r  l i n k -  
i n g ,  product ion,  and i n j e c t i o n .  

gas .  
g a s  c o n s i s t i n g  of n m i x t u r e  of steam and oxygen, i n  which case  t h e  
product would be a n  intermediate-Btu (200 t o  400 B t u / s c f )  gas .  

Laramie Energy Research Center  (LERC) t o  be  used f o r  development of  t h e  
f i e l d  a r e a s  of t h e  concep tua l  p l a n t  des igns  evaluated i n  t h i s  r e p o r t .  
It should be  p o i n t e d  o u t  t h a t  l a rge - sca l e  o p e r a t i o n  of  t h i s  system has  
n o t  y e t  been demonstrated a t  LERC, al though i t  was used by t h e  Russians 
a t  t h e  Podmoskovnaya and Shatskaya underground c o a l  g a s i f i c a t i o n  s t a t i o n s .  
I n  LERC t e s t s  t o  d a t e ,  r e v e r s e  combustion l i n k i n g  has  been fol lowed by 
a i r  i n j e c t i o n  f o r  forward g a s i f i c a t i o n  through t h e  same w e l l  used f o r  
t h e  l i n k i n g  a i r  i n j e c t i o n .  
demonstrated by LERC, b u t  a three-day i n j e c t i o n  a t  Hoe Creek by Lawrence 
Livermore Labora to ry  (LLL) subsequent  t o  a i r  i n j e c t i o n  w a s  s u c c e s s f u l .  
LERC and LLL work h a s  been completed thus  f a r  only i n  two-well systems. 

I f  air is i n j e c t e d ,  t h e  product  is a low-Btu (100 t o  200 B tu / sc f )  
The LVW p r o c e s s  i s  a l s o  p o t e n t i a l l y  capable  of u s i n g  an i n j e c t i o n  

The procedure shown i n  F ig .  1 vas suggested by r e s e a r c h e r s  a t  t h e  

Steam-oxygen i n j e c t i o n  has  n o t  y e t  been 

P r o c e s s  Deqcr ip t ions  and Flow Diagrams 

The p l a n t s  a r e  d iv ided  i n t o  t h r e e  major p a r t s :  (1) f i e l d  develop- 
ment, (2) g a s  t r a n s f e r  p ip ing ,  and (3) main p l a n t .  Well  d r i l l i n g  and 
g a s i f i c a t i o n  o p e r a t i o n s  a r e  c a r r i e d  out  i n  t h e  f i e l d  development a r e a s .  
The gas t r a n s f e r  p i p i n g  systems, which may be a m i l e  or two i n  l e n g t h ,  
connect t h e  f i e l d  development a r e a s  with t h e  main p l a n t  a r e a s .  The main 
p l a n t  a r e a s  c o n t a i n  t h e  major gas  t r e a t i n g  process  u n i t s ,  power p l a n t s ,  
and u t i l i t i e s  sys t ems  r equ i r ed  t o  form complete,  s e l f - s u f f i c i e n t  f a c i l i t i e s .  

Low-Btu G a s  Combined-Cycle E l e c t r i c  Generat ing P l a n t  Case 

For t h i s  c a s e ,  t h e  raw low-Btu gas  from t h e  w e l l s  is c l eaned ,  com- 
pressed,  and burned in gas  t u r b i n e s  connected to  e l e c t r i c a l  g e n e r a t o r s .  
Hot exhaust g a s e s  from t h e  t u r b i n e s  a r e  d i r e c t e d  to  heat-recovery b o i l e r s  
t o  gene ra t e  1000 psig/100O0F steam which d r i v e s  t u r b i n e  g e n e r a t o r s  f o r  
a d d i t i o n a l  e l e c t r i c i t y  product ion.  

A t  des ign  throughput  [900 MW(e)], 48 producing w e l l s  a r e  on-l ine.  
These 48 w e l l s  are a r r anged  i n  s i x  p a r a l l e l  t r a i n s  of e i g h t  w e l l s  each. 
Each t r a i n  r e q u i r e s  e i g h t  i n j e c t i o n  we l l s  and e i g h t  l i n k i n g  w e l l s ,  so 
t h a t . a  t r a i n  c o n s i s t s  of a t o t a l  of 24 w e l l s .  

F i e l d  development p l a n  
I n i t i a l  p roduc t ion  s t a r t s  with o n l y  one t r a i n  of w e l l s .  The remain- 

i n g  f i v e  t r a i n s  a r e  brought  on-l ine a t  i n t e r v a l s  of  roughly two weeks. 
A w e l l  has  a producing l i f e t i m e  of about  73  days. As each row of  w e l l s  
i s  exhausted, t h e  t r a i n  is moved t o  the  nex t  ad jacen t  row. For a g iven  
t r a i n ,  t hese  moves o c c u r  a t  12-week i n t e r v a l s .  S ince  t h e r e  a r e  s i x  
t r a i n s ,  a move t a k e s  p l a c e  every two weeks. 
t r a i n  i s  brought  on s t r eam,  t h e  f i r s t  t r a i n  i s  s h u t  down. 

S h o r t l y  a f t e r  t h e  s i x t h  
During t h e  
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ensuing 14 days, the field equipment and piping used by the first train 
are disconnected, moved, and reconnected to the next row of wells, and 
production from this train is resumed. Each of the six trains follows 
this same cyclic pattern of relocation. 

Process flow description 
Figure 2 shows the block flow diagram for the electricity gener- 

ating case. The facility consists of the following sections: 

Plant Section No. Process Unit 
1 Field development area 

2 Raw gas gathering and gasification 
air transfer piping 

Heat exchange and raw gas scrubbing 3 
Stretford sulfur plant 

Electric generating plant 

Stack, cooling towers, water plant, 
waste water treating, and oil re- 
covery plants 

Compressed air is piped from the main plant area about one mile to 
the field development area, where it is injected into the coal seam. 
Air for the linking process is supplied by a mobile field-located 
compressor. 

sulfur-bearing compounds before being burned to generate electricity. 
The raw gas is cooled by humidification to condense about 90% of the 
o i l ,  which is transferred to an oil recovery system, and is cleaned of 
remaining particulate matter and oil in venturi scrubbers. 
raw gas is cooled before going to Stretford treating plants, where the 
H2S content is reduced to less than 100 ppm by volume. 

heated by exchange with the raw gas, burned, and expanded through gas 
turbines which drive the electric generators, combustion air compressors, 
and fuel gas compressors. 
i s  provided by the gas turbine generators. 
vided by steam turbines using waste heat from the exhaust gases. 
of the steam is used to drive the gasification air compressors and other 
auxiliary equipment. 

Design of the combined-cycle electric generating plant is based on 
information appearing in Energy Conversion Alternatives Studies (ECAS) 
reports. ( 3 ) ( 4 )  This was supplemented by information supplied for a 
similar system which was proposed for use with low-Btu gas. (5) The 
resulting combined-cycle plant developed for this evaluation was assumed 
to have a net efficiency of 42%. 

Raw gas is piped to the main plant area for cleaning and removal of 

The scrubbed 

Treated gas (fuel gas) from the Stretford units is compressed, 

About 2 / 3  of the electric generating capacity 
The remaining 1 / 3  is pro- 

Part 

Substitute Natural Gas (SNG) Production Case 

In the SNG case, raw intermediate-Btu gas from the wells is cleaned, 
compressed, and fed to CO shift reactors to adjust the CO/H2 ratio for 
the methanation reaction. 
resulting sweet gas is methanated, compressed, and dried to final product 
specifications. 

After shifting, H2S and Cot are removed. The 
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A t  des ign  throughput  (155  MMscf/day of 954 Btu/scf  gas)  60 producing 
wells are on l i n e .  These a r e  a r ranged  i n  s i x  p a r a l l e l  t r a i n s  of 10 
wells each. Each t r a i n  a l s o  r e q u i r e s  10 i n j e c t i o n  wells and 10 l i n k i n g  
w e l l s ,  s o  t h a t  a t r a i n  c o n s i s t s  of a t o t a l  of 30 wells. The arrangements 
of t r a i n s  i n  a f i e l d  development a r e a  and of t h e  i n j e c t i o n ,  l i n k i n g ,  and 
producing w e l l s  f o r  a s i n g l e  t r a i n  are similar t o  those  of t h e  e lec t r ic i ty  
gene ra t ing  case. F i e l d  development a l s o  i s  s i m i l a r .  

P rocess  f low d e s c r i p t i o n  
F igure  3 shows the b lock  flow diagram f o r  t h e  SNG case .  

c o n s i s t s  of t h e  f o l l o w i n g  sec t ions :  
The p l a n t  

P l a n t  S e c t i o n  No.  

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

Process  Uni t  

F i e l d  development area 

Raw g a s  ga the r ing ,  oxygen, and 
steam t r a n s f e r  p ip ing  

Heat exchange and raw gas scrubbing  

CO s h i f t  

Oxygen p l a n t  

Benf i e ld  HiPure p l a n t  

Methanation 

Fue l  gas  t r e a t i n g  

S t r e t f o r d  s u l f u r  p l a n t  

O i l  r ecovery  and was te  water 
t r e a t i n g  

Steam gene ra to r  and o f f s i t e s  

Oxygen and steam are piped s e p a r a t e l y  from t h e  main p l a n t  t o  t h e  
f i e l d .  The oxygen and  s team are mixed a t  t h e  wel lheads  f o r  i n j e c t i o n  
i n t o  t h e  c o a l  s e a m .  

Raw gas  is  p iped  to  t h e  main p l a n t  area, cooled  by h e a t  exchange, 
humidi f ied ,  and scrubbed  as i n  t h e  p rev ious  case. 

Af t e r  s c rubb ing ,  the r a w  gas  is sepa ra t ed  i n t o  two streams. One 
s t r eam goes t o  a DEA t r e a t i n g  u n i t  f o r  a c i d  gas  removal and subsequent 
u s e  a s  a f u e l  gas .  The o t h e r  stream is cooled and compressed t o  450 p s i a  
f o r  f u r t h e r  p r o c e s s i n g  i n t o  SNG product .  

and s e n t  t o  t h e  CO s h i f t  u n i t ,  where i t  is s h i f t e d  t o  an Hz/CO r a t i o  of 
about  3 .  A f t e r  h e a t  r ecove ry  and coo l ing  t h e  s h i f t e d  gas  goes t o  t h e  
Benf i e ld  HiPure u n i t .  
S t r e t f o r d  s u l f u r  p l a n t .  

z i n c  oxide  guard beds ,  which remove t h e  l as t  t r a c e s  of HzS. 

r e a c t o r s .  Reac t ion  t empera tu re  is c o n t r o l l e d  by a combination of h e a t  
r ecove ry  and ho t  p roduc t  gas r e c y c l e .  

a t r i e t h y l e n e  g l y c o l  d r y i n g  u n i t  t o  meet p i p e l i n e  g a s  s p e c i f i c a t i o n s .  

Af t e r  compression, t h e  gas  i s  hea ted  by exchange wi th  t h e  raw g a s  

Acid gas  from t h e  Benf i e ld  u n i t  is p iped  t o  t h e  

Trea ted  gas  from t h e  Benf ie ld  u n i t  i s  hea ted  and proceeds  through 

Nethanat ion  i s  c a r r i e d  o u t  i n  a series of t h r e e  fixed-bed c a t a l y t i c  

Af t e r  me thana t ion ,  t h e  gas  i s  cooled ,  compressed, and dehydra ted  i n  
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U t i l i t i e s  Systems 

The major u t i l i t i e s  systems f o r  t h e  two p l a n t s  i nc lude  steam, 
e l e c t r i c  power, f u e l  gas  and o i l ,  and coo l ing  water .  U t i l i t i e s  genera- 
t i o n  and consumption a r e  summarized i n  Table  l. 

Table  1. U t i l i t i e s  summary 

E l e c t r i c i t y  
g e n e r a t i o n  casea SNG c a s e  

Steam ( l b / h r )  1,032,500 3,668,700 
E l e c t r i c i t y  (kW) 21,000 47,000 

Purchased wa te r  (gpm) 4,350 5,430 
A i r  coo l ing  l o a d  (MMBtu/hr) 550 2,260 

Fue l  gas  and o i l  (mfBtu/hr) - 3,710 

% t i l i t i e s  consumed i n  t h e  combined-cycle gene ra t ing  p o r t i o n  
of  t h e  f a c i l i t y  a r e  no t  included he re .  

I n  t h e  e l e c t r i c i t y  gene ra t ing  case ,  t h e  g a s i f i c a t i o n  a i r  compressors 
consume about  10% of t h e  t o t a l  energy produced by t h e  f a c i l i t y .  An  
a d d i t i o n a l  5% i s  used t o  meet o t h e r  p l a n t  requirements .  
requirements  were es t ima ted  t o  b e  about 21 MW. 

A l l  o t h e r  u t i l i t i e s  r e q u i r e d  by t h e  f a c i l i t i e s  a r e  generated on site. 
P rocess  coo l ing  is provided both by a i r  and water  cool ing.  
towers  were used based on t h e  assurnption t h a t  adequate  wa te r  supply 
(about 5000 gpm) would be a v a i l a b l e .  
w i l l  n o t  b e  a v a i l a b l e ,  o i l  w i l l  b e  used. 

P l a n t  e l e c t r i c i t y  

I n  both c a s e s ,  f r e s h  water  (raw water)  is assumed t o  be purchased. 

Wet c o o l i n g  

During s t a r t - u p s  when f u e l  g a s  

O v e r a l l  Thermal E f f i c i e n c i e s  

O v e r a l l  thermal  e f f i c i e n c i e s  f o r  t h e  conversion of c o a l  t o  elec- 
t r i c i t y  and SNG a r e  shown i n  Tab le  2. E f f i c i e n c i e s  were c a l c u l a t e d  a s  
t h e  h i g h e r  h e a t i n g  v a l u e  of t h e  p roduc t s  divided by t h e  h i g h e r  h e a t i n g  
v a l u e  of  t h e  in -p lace  c o a l .  
e l e c t r i c i t y  produced was c r e d i t e d  a t  3413 Btu/kWh. 
for SNG was taken a t  60'F. No thermal  c r e d i t  was taken f o r  by-product 
s u l f u r .  

I n  t h e  low-Btu gas  combined-cycle c a s e ,  t h e  
The h e a t i n g  v a l u e  

Table  2. Overa l l  thermal  e f f i c i e n c i e s  

Overa l l  thermal 
Product  e f f i c i e n c y  (%) 

E l e c t r i c i t y  24 
SNG 38 
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B a s i s  f o r  Design and Process  Assumptions 

The des ign  b a s i s  f o r  t h e  l i nked  v e r t i c a l  w e l l  (LVGI) p rocess  was 
developed from exper imenta l  r e s u l t s  ob ta ined  a t  t h e  Laramie Energy 
Research Center (LERC). F i e ld  t e s t  Hnnna 11, Phase I1 was used as t h e  
b a s i s  f o r  o p e r a t i n g  cond i t ions  and y i e l d s  f o r  t h e  e l e c t r i c i t y  gene ra t ing  
case .  Th i s  t e s t  was conducted i n  the  Hanna No. 1 seam of subbituminous 
c o a l  a t  Hanna, Carbon County, Wyoming. Because of the l a c k  of publ i shed  
exper imenta l  d a t a  f o r  t h e  steam-oxygen i n j e c t i o n  p rocess ,  t h e  b a s i s  f o r  
ope ra t ing  c o n d i t i o n s  and y i e l d s  f o r  t h i s  mode of g a s i f i c a t i o n  was a 
l i n e a r  permeation mathematical  model of forward combustion which was 
developed a t  LERC. ( 6 - 8 )  Table 3 shows t h e  process  des ign  parameters  
developed f o r  t h e  two cases .  

Table  3. LVW g a s i f i c a t i o n  process  des ign  parameters 

Parameters  common t o  low-Btu and SNG cases  

Type of c o a l  
Seam t h i c k n e s s  
Depth of s e a m  
Well p a t t e r n  and spac ing  
G a s i f i c a t i o n  r e a c t i o n  zone 

Process  sweep e f f i c i e n c y  
Process  the rma l  e f f i c i e n c y  
Overa l l  p rocess  e f f i c i e n c y  
Raw gas wel lhead  tempera ture  
Linking a i r  i n j e c t i o n  p res su re  
Linking a i r  i n j e c t i o n  r a t e  
Reverse combustion l i n k i n g  r a t e  

advance rate 

Subbituminous (Hanna No. 1 seam) 
30 f t  
300 f t  
Square;  150 f t  x 150 f t  
2 f t / d a y  

80% 
80% 
64% 
640'F 
1 p s i g f f t  o€ depth  
33,000 s c f f f t  of  l i n k  
7 f t f d a y  

Parameters  a p p l i c a b l e  t o  low-Btu gas  case  

S ing le  w e l l  p roduct ion  r a t e  30 MMscfd 
A i r  i n j e c t i o n  requirement 
Dry gas  p roduced /a i r  i n j e c t e d  

73,570 s c f / t o n  maf c o a l  
1.45 s c f l s c f  

Parameters  a p p l i c a b l e  t o  SNG case  

S ing le  w e l l  p roduct ion  r a t e  17  MMscfd 
Steam/oxygen i n j e c t i o n  gas 

Steam + 02 i n j e c t i o n  requirement 
Dry raw gas produced/steam + 0 2  1.92 s c f l s c f  

60/40 mole % 

23,270 s c f f t o n  maf c o a l  
composi t ion  

i n  j ec t ed  

C a p i t a l  Inves tments  

Estimated t o t a l  c a p i t a l  inves tments  f o r  t h e  two conceptua l  f a c i l i -  
The c a p i t a l  inves tments  do n o t  i nc lude  t i e s  a r e  summarized i n  Table  4. 

t h e  cos t  of t h e  c o a l  (o r  land  and minera l  r i g h t s )  r equ i r ed  f o r  t h e  
f a c i l i t i e s .  Coal is  charged t o  t h e  f a c i l i t i e s  a s  a raw m a t e r i a l  as p a r t  
o f  t he  o p e r a t i n g  c o s t s .  The c o s t ,  i n  $ / t o n ,  is  t r e a t e d  as a v a r i a b l e  i n  
t h e  economic c a l c u l a t i o n s .  
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Table  4 .  C a p i t a l  inves tment  summary 

C a p i t a l  Investment,  $10' 
C a p i t a l  investment f o r  p l a n t  s e c t i o n s  900 m ( e )  p l a n t  SNG p l a n t  

S i t e  development 
I n i t i a l  d r i l l i n g  c o s t s  
F i e l d  g a s  t r e a t i n g  p l a n t  
F i e l d  p ip ing  system 
Raw gas t r e a t i n g  p l a n t  
CO s h i f t  p l a n t  
Oxygen p l a n t  
Benf ie ld  p l a n t  
Methanat i on  p l a n t  
Fue l  gas  t r e a t i n g  p l a n t  
S t r e t f o r d  p l a n t  
E l e c t r i c  gene ra t ing  p l a n t  
Tankage, o f f s i t e s ,  u t i l i t i e s  
T o t a l  f o r  p l a n t  s e c t i o n s  

Capi ta l  inves tment  f o r  f a c i l i t y  

Engineer ing  
Cons t ruc t ion  overhead 
Cont ingencies  
Con t rac to r ' s  f e e  
Spec ia l  .charges 
T o t a l  f o r  f a c i l i t y  

1.8 
1.3 
8.6 

11.3 
17.2 - 
- 

- 
6.5 

255.7 
10 .6  

313.0 
- 

8.1 
7.6 

32.7 
9.8 

23.8 
82.0 
- 
__ - 

2.1 
1.6 

11.1 
20.3 
19.0 
28.5 
81.5 
17.9 
28.1 

6.7 
4.8 - 

43.5 
265.1 

12.9 
16.5 
29.3 
8.8 

18.7 
86.2 - 

T o t a l  c a p i t a l  inves tment  395.0 351.3 

I n i t i a l  w e l l  d r i l l i n g  and p r e p a r a t i o n  work which occur s  du r ing  t h e  
p l a n t  c o n s t r u c t i o n  pe r iod  is inc luded  i n  p l a n t  c a p i t a l  c o s t s .  A f t e r  t h e  
p l a n t  i s  s t a r t e d  up, t h i s  c o s t  i s  inc luded  as an  ope ra t ing  charge .  

A l l  c o s t s  g iven  he re  are re fe renced  t o  first q u a r t e r  1977 and are 
expressed i n  f i r s t  q u a r t e r  1977 d o l l a r s .  

Opera t ing  Costs 

Operating c o s t s  i n c l u d e  raw m a t e r i a l s ,  c a t a l y s t s  and chemica ls ,  
w a t e r ,  o t h e r  ope ra t ing  s u p p l i e s  and m a t e r i a l s ,  maintenance mater ia ls  and 
l a b o r ,  o p e r a t i n g  l a b o r  and supe rv i s ion ,  and gene ra l  and a d m i n i s t r a t i v e  
overhead. They do not i n c l u d e  d e p r e c i a t i o n  ( recovery  of c a p i t a l ) ,  
i n t e r e s t  on d e b t ,  r e t u r n  on inves tment ,  or t a x e s ,  which are accounted  
f o r  i n t e r n a l l y  by t h e  o v e r a l l  economics program. 
b u t i o n  c o s t s  were n o t  inc luded .  

v a r i e d  p a r a m e t r i c a l l y  from 0 t o  $lO/ton. 

w e l l s  once pe r  q u a r t e r .  
l a b o r  c o s t s  f o r  t h e  i n i t i a l  i n s t a l l a t i o n .  Add i t iona l  q u a r t e r l y  c o s t s  
f o r  l a b o r  and equipment used i n  moving f i e l d  systems were $120,000 and 
$135,720 i n  t h e  e l e c t r i c i t y  gene ra t ing  and SNG cases ,  r e s p e c t i v e l y .  

Marketing and d i s t r i -  

The in-p lace  c o a l  c o s t ,  i n  $ / t o n ,  was t r e a t e d  as a v a r i a b l e  and w a s  

F i e l d  equipment moving expenses  a r e  based on moving each t r a i n  of 
The moving c o s t  v a s  e s t ima ted  from material  and 
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Operating c o s t  b a s e s  a r e  summarized i n  Table  5 .  Other assumptions 

* PlanL o p e r a t i n g  l i f e t i m e :  20 y e a r s  
used a r e  as fo l lows:  

Cons t ruc t ion  p e r i o d  (pre-opera t iona l  pe r iod ) :  2 y e a r s  
Working c a p i t a l  is  12% of  f ixed  c a p i t a l  investment.  

* Maintenance i s  4% of d e p r e c i a b l e  c a p i t a l  p e r  year .  
* P l a n t  f a c t o r  (ope ra t ing  f a c t o r )  i s  70% f o r  e l e c t r i c  gene ra t ing  

p l a n t ,  9OZ f o r  SNC p l a n t .  
* Direct l a b o r  rate is  $8.25/hr. 

Labor burden i s  35% of d i r e c t  l a b o r .  
* Superv is ion  is 15% of l a b o r  p l u s  l a b o r  burden. 
* Opera t ing  s u p p l i e s  are 30% of d i r e c t  ope ra t ing  l a b o r .  
* Overhead i s  135% of l a b o r  p l u s  supe rv i s ion .  - F e d e r a l  income t a x  rate is 48%. - S t a t e  income t a x  r a t e  is 3X. 
* Local  t a x e s  and i n s u r a n c e  are 3% of  c a p i t a l  p e r  yea r .  

Coal 

Tab le  5. Opera t ing  c o s t  b a s i s  

Low-Btu Gas 

Coal used ( in-p lace  b a s i s )  at 
100% p l a n t  f a c t o r :  

tons /day  
l o 6  t ons /y r  

D r i l l i n g  : 
Depth o f  h o l e s  ( f t )  
D r i l l i n g  c o s t  ($/f$) 
Number of w e l l s / y r  

blen/shif t 
Opera t ing  l abor :  

C a t a l y s t s  and chemica ls  a t  100% 
p lan t  f a c t o r :  

By-product s u l f u r :  
(lo6 S/y r )  

( long  tons /day)  

18,073 
6.60 

300 
30 

144/212/100 

48 

0.217 

29 

SNG - 

22,951 
8.25 

300 
30 

180/270/l50 

45 

4.235 

38 

aF ina l  yea r  of c o n s t r u c t i o n / f i r s t  through nex t - to - l a s t  o p e r a t i n g  
y e a r / l a s t  o p e r a t i n g  y e a r .  

Economic Ana lys i s  

P r i c e s  of e l e c t r i c i t y  and SNG were c a l c u l a t e d  a s  a func t ion  of c o a l  
c o s t  and annua l  a f t e r - t a x  rate of r e t u r n  on e q u i t y  c a p i t a l .  
done by t h e  d i scoun ted  c a s h  f low procedure  for two c a p i t a l  s t r u c t u r e s ,  
100% e q u i t y  and 70/30 deb t / equ i ty .  Annual a f t e r - t a x  r a t e  of r e t u r n  on 
e q u i t y  w a s  t r e a t e d  a s  a parameter u s i n g  rates of r e t u r n  of 10, 1 2 ,  15, 
and 1 7 % .  Annual i n t e r e s t  rate on deb t  reas assumed t o  be  9%. 
c r e d i t  v a s  i nc luded  f o r  s u l f u r  a t  $60/long t o n .  
used for t h e s e  c a l c u l a t i o n s .  (9 )  

T h i s  was 

By-product 
A computer program was 
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The r e s u l t i n g  product  p r i c e s  a r c  h igh ly  dependent on t h e  c a p i t a l  
s t rucLure  and p l a n t  f a c t o r .  
Fig.  4. 

Typica l  examples are shown i n  Table  6 and 

b Table 6. Es t imated  product  p r i c e s a  a t  15% r e t u r n  on e q u i t y  
and 9% annual  i n t e r e s t  r a t e  on deb t  

Product p r i c e  f o r  e l e c t r i c i t y  Product p g i c e  
Coal from low-Btu gasC f o r  SNG 
P r i c e  (mi l l s /k l Jh j  ($ / lo6  Btu) 

($ / ton)  100% e q u i t y  70/30 D/E  100% equ i ty  70/30 D/E  

0 
5 

10  

31.4 
35.6 
40.0 

19.4 
23.6 
27.7 

3.34 2.13 
4.11 2.89 
4.87 3.66 

aProduct t r a n s p o r t a t i o n ,  d i s t r i b u t i o n ,  and marke t ing  c o s t s  are n o t  i nc luded .  

bAnnual a f t e r - t a x  ra te  of r e t u r n  on equ i ty .  

'70% p l a n t  f a c t o r .  

d g ~ %  p l a n t  f a c t o r .  
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Fig .  1 .  .S tages  i n  the f i e l d  development of 
the l inked vertical w e l l  process 
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F i g .  2 .  Block flow diagram for e l e c t r i c i t y  generating case  
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Fig .  3 .  Block f l o w  diagram for SNG c a s e  

F i g .  4 .  E l e c t r i c  power and SNG c o s t s  
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